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METHOD AND APPARATUS FOR MANAGING
PRODUCT END OF LIFELE

FIELD OF THE INVENTION

This mvention relates to the field of product end of life
planning. In particular, this invention 1s drawn to methods of
managing the termination of a product lifecycle.

BACKGROUND OF THE INVENTION

Manufacturers have few choices regarding inventory
related to a product being discontinued. Excess materials may
be scrapped or written ofl. Alternatively, additional product
may be built (“build out™) 1n order to further reduce inventory
tor the product being obsolesced. The first choice frequently
results 1in recovering a fraction of the cost of the matenals.
The second choice could result in additional profits but there
1s greater exposure 1n procurement of materials especially
unique materials needed to complete the product for sale.

One method of analyzing the tradeotls between scrapping
or building out 1s referred to as Match Set Analysis. This
typically entails “exploding™ each product forecast demand
while computing consumption of excess mventory and end-
ing mmventory. Match Set Analysis does not consider limita-
tions on part availability or procurement budgets. Business
objectives such as minimization of write-oif costs or maxi-
mization of gross profits are not explicitly considered. More-
over, Match Set Analysis does not consider demand uncer-

tainty and thus 1gnores a risk factor for acquisition of unique
parts.

SUMMARY OF THE INVENTION

In view of limitations of known systems and methods,
various apparatus and methods are provided for generating a
manufacturing plan for products being discontinued.

One method for managing product end of life over an end
of life horizon includes the step of selecting at least one
product to be discontinued. A business objective of either
maximizing gross proiit or minimizing writeoit costs for the
product being discontinued 1s selected. A manufacturing plan
1s generated to optimize the selected objective given a non-
zero pre-existing inventory of the at least one part.

Another method includes the step of selecting an objective
of either maximizing gross profit or minimizing writeoff
costs for a selected plurality of products. A subset of all
possible combinations of product demand levels 1s selected.
Each combination 1s associated with a probability. A procure-
ment plan that optimizes the selected objective 1s generated.
The procurement plan 1s generated based on the selected
subset of demand levels given a non-zero pre-existing imven-
tory of at least some parts of the selected products.

Other features and advantages of the present invention will
be apparent from the accompanying drawings and from the
detailed description that follows below.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention 1s illustrated by way of example and
not limitation in the figures of the accompanying drawings, in
which like references indicate similar elements and 1n which:

FI1G. 1 illustrates composition of products from parts and
assemblies.

FI1G. 2 illustrates a product end of life optimization appa-
ratus.
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2

FIG. 3 identifies input/output data for the end of life (EOL)
optimization apparatus.

FIG. 4 illustrates one embodiment of record layouts for the
data checker mput files.

FIG. 5 1llustrates one embodiment of record layouts for the
data checker output\EOL engine 1nput files.

FIG. 6 illustrates one embodiment of record layouts for the
EOL engine output files.

FIG. 7 illustrates various metrics provided to or calculated
by the EOL engine.

FI1G. 8 1llustrates one embodiment of a sell report generated
by the report generator.

FIG. 9 illustrates one embodiment of a buy report gener-
ated by the report generator.

FIG. 10 illustrates one embodiment of a make report gen-
crated by the report generator.

FIG. 11 illustrates one embodiment of a method for gen-
erating a stochastic buy plan.

FIG. 12 illustrates one embodiment of a method for gen-
erating a stochastic buy plan.

DETAILED DESCRIPTION

Methods of determining an optimal product mix to sell and
build and procurement plans for the end of a product lifecycle
are described. The optimal product mix 1s computed based on
part availability and cost, product demand forecast and uncer-
tainty, procurement budgets. The decision can be optimized
for minimization of writeoll costs or maximization of gross
profits.

FIG. 1 1llustrates a plurality of products 110, 120, and 140.
Each product 1s composed of a combination of parts and
assemblies. The relationships between a given product and
the parts or assemblies that make the product are 1llustrated in
a hierarchical tree form where each node 1dentifies a part or
assembly.

If a given node (e.g., 122) 1s not further composed of other
parts (1.e., no child nodes), the node 1s an elementary part or
raw material. Product 1, for example, 1s composed of part 1

112 and part2 114. Parts 112 and 114 have no children so they

are raw materials.
If a given node (e.g., 130) 1s composed of other parts or
assemblies (1.e., at least one child node), then the node cor-

responds to an assembly. Thus product 2 (120) 1s composed of
parts 3,4,5,and 6 (1.e.,122,130,132,and 134). Parts 3, 5, and
6 (1.e., 122, 132, and 134) are raw materials. Part 4 1s an
assembly composed of raw material parts 5 and 6 (1.e., 132
and 134).

Generally, an assembly may be composed of any number
of other assemblies or parts. A given part (e.g., part 1) can be
used in more than one product. More than one of the same part
can be used to build a given assembly (e.g., 160). One of the
few restrictions imposed on defining the product 1s that a part
or assembly can not be recursively defined. For clarity, the
term “part” 1s generically used to any item 1in the bill of
maternals. In this context, a product 1s a “part” that has no
parent parts. An assembly 1s a part that has parent and children
parts. A raw material 1s a part that has no children parts. Thus
raw materials and assemblies are subsets of the set of parts
(1.e., Raw Materials = Parts, Assemblies < Parts).

Demand forecasting 1s performed before manufacturing a
new product. Although linear programming techniques may
be used to maximize profits at the outset of manufacture,
errors 1n demand forecasting for products tend to result 1n
non-optimal manufacturing conditions. For products with
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relatively long manufacturing lives, errors in demand and
subsequent modifications to parts inventory planning may be
made over time.

Products with short manutacturing lives are at a greater risk
of demand forecasting error. Mistakes are not easily accom-
modated 1n a subsequent forecasting period. Excess inventory
cannot simply be carried forward mnto a new forecasting
period because the product’s short manufacturing life pre-
cludes such options. Moreover, asymmetry 1n the acquisition
cost of parts or assemblies versus salvageable value ensures
that writeoll losses will be incurred 11 the inventory of parts 1s
non-zero at the end of a given forecasting period.

Short manufacturing lives (e.g., 24 months or less) are very
common with computers, computer peripherals, and many
other lines of consumer products. Although end of life plan-
ning 1s usetul for short or long lived manufacturing terms,
short term projects may experience greater benefit because
any losses otherwise incurred cannot be spread over longer
time periods as 1s the case with longer lived manufacturing
terms.

FIG. 2 1illustrates an end of life (EOL) planning tool for
managing the end of life of one or more products being
phased out. In particular the apparatus of FIG. 2 generates
sell, make, and buy (i.e., procurement) plans designed to
either maximize gross profit or minimize mventory writeoil.

The EOL plannming tool includes a data checker 220, an
EOL engine 240, and a report generator 260. In one embodi-
ment, these elements are implemented 1n software modules
executing on one or more processors.

The data checker 220 generates validated FOL engine
mput files 230 from data checker mput files 210. For
examples, data checker 220 i1dentifies recursively defined

parts 1n any bill of material files. The output files 230 gener-
ated by data checker serve as imput data files for the EOL
engine 240.

FI1G. 3 illustrates an exemplary listing 310 of data checker
input and output files and a listing 320 of the EOL engine
output files. The data checker input files are provided with the
“TXT” name extension. The data checker output files (i.e.,
EOL engine mnput files) and EOL engine output files are
provided with the “EOL” name extension.

FIGS. 4-5 1llustrate sample record layouts for data checker
220 input/output files. FIG. 6 1llustrates sample record lay-
outs for EOL engine output files.

Referring to FIGS. 3-5, the PRODUCT. TXT file 1s used to
generate the PRODUCT.EOL file that identifies products to
be phased out. In one record embodiment 410, PRODUCT.
TXT includes a site 1dentifier and product identifier for each
product being phased out. Each record 510 of PRODUC-
T.EOL only includes the product identifier.

The BOM.TXT file defines the bill of materials for each
product. A sample record layout 412 1dentifies a site, a parent
part identifier, a child part identifier, and a quantity. A parent
part identifier without a child part identifier indicates that the
part 1s an elemental part or a raw material. Data checker 220
generates BOM.EOL (record layout 512), ASSEMBLY.EOL
(record layout 560), and RAW.EOL (record layout 560) from
the BOM.TXT file. ASSEMBLY.EOL 1dentifies parts that are
composed of other parts (e.g., not raw materials). RAW.EOL
identifies raw material parts.

The standard cost for each part 1s defined 1n STDCOST.
TXT and the corresponding STDCOST.EOL (record layouts
420, 520). Validity of the assigned standard costs 1s verified
by ensuring that the standard cost for each part 1s greater than
or equal to the sum of the costs of 1ts constituent (1.e., chil-
dren) parts.
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4

FORECAST.TXT (and FORECAST.EOL) provides infor-
mation regarding estimated demand for the products being
phased out (record layouts 430, 530). In one embodiment, the

EOL engine 240 1s a single period engine. Thus multiple
period records defined in FORECAST. TXT are rolled mto

single period records for FORECAST.EOL.

An INVENTORY.EOL file (record layout 540) 1s compiled
from various inventory-related files icluding INVENTO-
RY.TXT (record layout 440), OPENPO.TXT (record layout
440), RESELLER.TXT (record layout 450), CMINVT.TXT
(record layout 440), and CMOPENPO.TXT (record layout
440).

INVENTORY. TXT includes the available inventory, in
process inventory, and in transit mventory. OPENPO. TXT
lists the parts and any remaining quantities to be received.
CMINVT.TXT and CMOPENPO.TX'T are optional files that
identifies mventories or open purchase order inventory for
contract manufacturers. RESELLER.TXT indicates reseller
inventory. The reference date field 1s provided as an indication
of the age of the information, but is otherwise not needed by

the EOL engine.

The UNIQUE.TXT (and UNIQUE.EOL) file identifies
umque parts (record layouts 460, 560). Unique parts gener-
ally cannot be easily disposed of 1f they remain 1n inventory.
For example, 1n a multi-product manufacturing environment,
some unused parts may be used for products that are not being
discontinued. Unique parts, on the other hand, may have use
only 1n the product(s) being discontinued. In one embodi-
ment, the EOL management apparatus treats all parts as it
they are unmique for purposes of meeting the selected objective
goal (1.e., Unique Parts=Parts). In an alternative embodiment,
the EOL management apparatus i1gnores the value of non-

unique parts for purposes ol meeting the objective goals (1.¢.,
Unique Parts < Parts).

PRICE.TXT (and PRICE.EOL) indicate anticipated sell-
ing price for each product (record layouts 470, 570). In one
embodiment, the EOL management apparatus 1s a single
period tool. Thus forecasts or prices are rolled up 1nto a single
period.

LIMIT.TX'T identifies various limits such as limits on raw
matenals (1.e., elemental parts, see record layouts 480, 580).
CONFIG.TXT (record layout 490) 1s provided to specily
configuration parameters that vary operation of the EOL
engine. The corresponding EOL input file 1s CONFIG.EOL
(record layout 590). “Salvage” indicates a generalized sal-
vage value. Typically, the value ranges between O and 1 and
represents a percentage of the cost of the part. “Budget” 1s an
upper limit on the procurement budget for acquiring addi-
tional parts. “Unique Flag” indicates whether some of the
objective function calculations consider a subset less than all
the parts comprising a product. The “Objective Function
Flag™ controls whether the EOL management tool attempts to
maximize gross profit or minimize writeodl costs.

The EOL engine 240 generates output data 250 consistent
with the selected objective. In particular, sell, make, and buy
data files are generated.

FIG. 6 illustrates exemplary record layouts for the EOL
engine output data files. SELL.EOL indicates the number of
cach product to sell (record layout 610). MAKE.EOL speci-
fies the number of products to build. BUY.EOL specifies parts

to be acquired to fulfill the make report. WRITEOFF.EOL
specifies the cost of writing off excess parts. Record layout
620 1s used for MAKE.EOL, BUY.EOL, and WRITEOF-

F.EOL.
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The shadow price for a resource measures the marginal
value of the resource with respect to the objective. The
shadow price reflects the rate of change of the evaluated
objective as compared to the rate of change for the resource.

Thus, for example, SHDBUDGET.EOL (record layout 630)

indicates the marginal increase 1n gross profit or the marginal

decrease in inventory writeoil costs that may result from a

marginal increase 1 a procurement
SHDRAW.EOL (record layout 640) and SHDPROD.EOL

(record layout 650) specity shadow prices for raw materials

budget. Similarly,

and products. The raw material shadow price indicates the
marginal change to the objective function with respect to
changes in the upper limit quantity for raw materials. The
product shadow price indicates the marginal change 1n the
objective function with respect to changes 1n the forecast for
a product.

Report generator 260 generates a number of reports 262-

268 from the EOL engine input 230 and output 250 data files.

In one embodiment, report generator 260 provides a metric
262, sell 264, make 266, and buy 268 reports.

FIG. 7 1illustrates a number of metrics 700 that may be
reported by EOL engine 240. Inventory exposure retlects the
loss exposure before optimization with end of life planning.
Inventory exposure 1s defined as follows:

[nventory Exposure = Cost; - Inv;

2

1 = Unique Parts

Cost, 1s the standard cost of part 1. In one embodiment, the
standard cost for an assembly 1s calculated as the sum of the
standard costs of its parts. Inv, 1s the on-hand and on-order
inventory quantity available for part 1 as defined by the

INVENTORY.EOL file.

The writeotl value represents the value to be written off at
the end of the life of the discontinued product(s). Writeoll
value 1s defined as follows:

Writeoff value = Cost; - Write Off;

2

1 = Unique Parts

WriteOft, 1s the inventory writeott quantity computed by the
EOL engine 240 for part 1.

The after/before 1nventory exposure ratio indicates the
reduction 1n exposure that can be accomplished i1 the result-
ing plan 1s implemented. This 1s a ratio of the writeoil value
alter plan implementation and the imventory exposure before
plan implementation. The after/before mventory exposure 1s
defined as follows:

2

1 = Unique Pants

> Cost; - Inv;

1 = Unique Parts

Cost; - Write Off,

After/Before Exposure Ratio =
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The procurement investment represents the amount of raw
materials that must be purchased to support the sell plan and

1s defined as follows:

Procurement cost =

2,

1 = UniqgueRawM atenals

Cost; - BuyQry;

BuyQty, 1s the quantity of raw material 1 (1.e., part 1) that must
be purchased to support the sell plan. Unique Raw
Maternals = Unique Parts and 11 the unique flag 1s set such that
all parts are ftreated as unique, then Unique Raw
Materials=Raw Matenals.

Assuming demand 1s realized as expected, the revenue that
can be generated by executing the sell plan 1s calculated as
follows:

Revenue = Z Price; - SellQty,

i = Products

Price, 1s the selling price for product 1. SellQty, 1s the quantity
of product 1 to be sold.

The budget metric 1s the maximum dollar amount that may
be mnvested to purchase raw materials to support the sell plan.
This pre-determined value 1s provided by the user.

Potential loss due to inventory exposure reflects the loss
expected to be incurred 11 the sell plan 1s not implemented and
the available inventory 1s scrapped. This potential loss 1s
calculated as follows:

Loss Exposure before optimization=

2

i = Unique Parts

(1 —Salvage)- Cost; - Inv;

Salvage 1s a value [0, 1] provided by the user that reflects the
percentage recovery of standard cost for scrapped parts.

The writeoll salvage value (1.e., ending inventory value)
metric indicates the salvageable value that can be recovered
from writeoll imventory assuming the sell plan 1s 1mple-
mented. This metric 1s calculated as follows:

WriteOff Salvage Value = Salvage-

2

1 = Unique Parts

Cost; - WrireOff.

The objective function tlag indicates the selected objective.
The user configures the EOL engine 240 to either minimize
writeoll costs or maximize gross profit.

If the selected objective 1s to minimize writeoil costs, then

the EOL engine 240 objective 1s to minimize A, where A 1s
defined as follows:

2,

1= Unique Parts

(1 — Salvage) - Cost; - WriteOff;
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Gross profit 1s defined as follows:

revenue —
mventory exposure —
procurement 1nvestment+

writeoff salvage value+

ending inventory value of non-unique parts

oross profit

Accordingly, i1 the selected objective 1s to maximize gross
profits, then the EOL engine 240 objective 1s to maximize A,
where A 1s defined as follows:

_ Z Price; - SellQty, — Z Cost; - Inv; +

i = Parts

2,

i = Products i = NonUnique Parts

10

Cost; - WriteOff, + _

8

sell quantity are 325 and the product shadow price 1s $393. If
the forecast 1s increased to 326, then EOL engine will recom-
mend a sell quantity o1326. The value of the writeotl cost will
decrease by $393, if the objective 1s minimizing writeoff
costs. The value of the gross profits will increase by $393, if
the objective 1s maximizing gross profits. The product
shadow price generally indicates which products have more
inventory exposure. This information can be used to establish
discount prices for a “fire” sale of the discontinued product.

FIG. 9 illustrates one embodiment of a make report 900.
This report might be analyzed by amanufacturing and finance
departments of the manufacturer for feasibility.

The make report indicates the quantity of individual prod-
ucts and the quantity of assemblies for those products to be
built 1n order to meet the suggested product sell quantities.

A =
Salvage:- Z Cost; - WrireOff, — Z Cost; - BuyQry;
i = Unique Parts i = RawMaterials
The unique flag indicates whether the writeott cost mini- ,; Make report 900 provides for a description 920 for each part

mization considers all parts or only selected parts as unique.
If only selected parts (1dentified in UNIQUE.EOL) are treated

as unique, the EOL engine 240 effectively assigns no loss
value to non-unique parts when pursuing the objective func-
tion of minimizing writeoil. Note that the objective function

accounts for any non-umque parts which are presumed to
have full recovery value.

The number of products metric may be calculated from the
number of records in PRODUCTS.EOL. This retlects the
number of products being processed for EOL management.
Similarly, the number of assemblies and the number of raw
materials may be calculated from the number of records 1n the
ASSEMBLY.EOL and RAW.EOL files, respectively.

FIG. 8 1llustrates one embodiment of a sell report 800 for
discontinued products. The job number 1s provided for
matching a given input data set with the corresponding sell,
make, and buy reports. This report may be used by finance and
marketing departments to evaluate the feasibility of the gen-
erated EOL solution. The sell report 1dentifies the product
number 810, sell quantity 820, selling price 830, demand
forecast 840, and product shadow price 850, and expected
revenue 860.

The product number 810 1dentifies the product(s) being
discontinued. The sell quantity 820 indicates the recom-
mended quantity of the product to be sold 1n order to meet the
selected objective of mimmizing writeoil costs or maximiz-
ing gross profit. The selling price 830 1s the value provided by
the user and used by the EOL engine to arrive at the present
solution. Given that the EOL engine 1s designed for single
period computations, the sell price may retflect an average of
the estimated selling price of the discontinued product over
the EOL planning horizon. Forecast 840 retlects the total
expected demand for the discontinued products over the EOL
planning horizon. Revenue 860 indicates the revenue that
might be generated from each discontinued product if the sell
plan 1s implemented and demand 1s suificient to realize the
sell plan.

The product shadow price 850 reflects the marginal change
in the objective function for a corresponding change 1n the
torecast. Generally, if the product shadow price 1s greater than
zero then the EOL engine will recommend a sell quantity to
match the forecast. Assume, for example, that the forecast and
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910. In one embodiment, the make report 900 identifies every
part needed for every product even 1f the quantity 1s zero.

For each assembly a make quantity 930 and standard cost
940 are provided. Existing inventory 9350 levels and antici-
pated writeoll quantity 960 are also provided. Raw materials
may be identified with a make quantity of zero for the purpose
of mforming the planner about exposure inventory, writeoff
inventory, and related costs. The writeotl value 970 1s calcu-
lated by multiplying the writeoil quantity 960 by the standard
cost. In one embodiment, the standard cost 1s rounded to two
digits of precision for reporting purposes, but more than two
digits of precision may be preserved for calculation. The
writeoll loss exposure 980 reflects the economic loss due to
unrecovered writeoll value based on the salvage amount (1.¢.,
writeoll loss exposure=(1-salvage)-writeoll value).

FIG. 10 1llustrates one embodiment of a buy report 1000.
Manufacturer procurement and finance departments might
analyze the buy report for feasibility. The buy report identifies
the quantity 1030 of each raw material part 1010 that must be
purchased or acquired 1n order to fulfill the recommended
product sell quantities.

The report for the described part (1020) includes the stan-
dard cost 1040, an acquisition cost 1050 for acquiring the
recommended quantity of the part, and a limit constraint
1060. In the 1llustrated embodiment, limit quantities greater
than zero retlect an upper limit on the quantity that may be
acquired for the corresponding part. Numbers equal to zero
indicate a lack of availability for the part. In one embodiment,
a null or blank indicates that no upper limit 1s 1imposed on
acquisition quantities. Acquisition limits may be imposed, for
example, when the EOL planning horizon 1s within supplier
lead times or because there 1s a part shortage.

The shadow price 1070 indicates a marginal change 1n the
selected objective function for a corresponding change in
limit quantity. Thus, either the gross profit will be increased
by the shadow price or the writeoil cost will be reduced by the
shadow price 1f the limait 1s increased by one.

The writeofl quantity 1090 indicates the quantity of that
raw material part atter EOL planning. Writeoil value 1092
represents the writeoil quantity multiplied by the standard
cost for the part. Other metrics of interest for a buy report may
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include writeoil costs and salvage value. Whether the raw
matenal 1s treated as unique may also be indicated by the buy
report.

The EOL engine 240 may be implemented as a processor
executing standard linear programming libraries (e.g., sim-
plex, interior point, etc. algorithms) for optimizing the
selected objective with the constraints (e.g., product, assem-
bly, raw material balance equations, demand forecast, etc.) set
forth 1n the EOL engine iput files. Nonlinear approaches
such as meta-heuristics may be approprate 1n the event of
nonlinear constraints or objective functions such as minimiz-
ing the variability of gross profit.

When more than one product is considered for EOL plan-
ning, the EOL engine determines the optimal product mix to
sell and make, optimal assemblies to make, optimal raw mate-
rial to procure, and optimal 1nventory to writeoil as measured
by the selected objective.

Due to the inherent uncertainty in demand forecasting, one
embodiment utilizes a two stage stochastic programming
model to hedge procurement investments against demand
uncertainty. Procurement investments are made 1n stage one.
Demand realization triggers final assembly and sales corre-
sponding to the second stage make and sell decisions. This
multi-stage approach retlects the reality that purchase deci-
s1ons frequently must be made well 1n advance of realization
of the demand. Raw materials, for example, might take sev-
cral weeks or months lead time for acquisition while assem-
bly might take a few hours.

FIG. 11 1llustrates one embodiment of a method of opti-
mizing product mix with stochastic demand forecasting. The
demand probability density for each product may be modeled
with a plurality of demand levels. Each product, for example,
might have a high (H), a low (L), and a mean (M) forecasted
demand level. A set (A) of all possible combinations of
demand levels 1s generated for the products 1n step 1110.
Three demand levels for each of 14 products, for example,
would result in 3'* (4,782,969) possible demand level com-
binations (1.e., scenarios).

In step 1120 a probability 1s associated with each demand
level combination. This probability reflects the likelihood
that the associated scenario or combination will be realized.
Standard statistical methods can be used generate the sce-
narios and associated probabilities. For example, mean, stan-
dard deviation, and covariance ol the demands can be esti-
mated from the sales history of the same or related products.
This information can be applied to a normalized discrete
probability density function. The probability of a particular
scenar1o can be determined from a known probability of a
corresponding event in the normalized distribution.

Step 1130 identifies selected combinations or samplings of
product demand levels. These selected combinations retlect a
subset (B) of all possible demand level combinations (1.e.,

B < A). In one embodiment, the selected combinations are
placed 1n a file SCENARIOS .EOL which serves as a replace-

ment for FORECAST.EOL. The sum of the probabilities of
all the scenarios 1s one. Incorporating all possible scenarios
into a single linear programming model would require tre-
mendous computational resources due to the large number of
variables and balance equations.

In step 1140, the selected business objective 1s optimized
using the selected subset (B) of product demand level com-
binations rather than the entire set (A) of product demand
level combinations. Optimization of the selected business
objective using the selected combinations of demand levels
and associated probabilities will produce aresult including an
optimal raw material buy plan associated with a confidence
level. The confidence level 1s indicative of how close the
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solution obtained using a subset of the scenarios 1s to the true
optimal solution that could be determined 11 all possible com-
binations had been included in the analysis.

The user may then execute a stochastic buy plan based on
the optimal buy plan and the confidence intervals 1n step
1150. In particular, 1n view of the confidence levels associated
with buy results for particular parts, the user may choose to
buy the raw materals 1n the quantities suggested or to modily
the purchase quantities 1n view of the confidence interval.

FIG. 12 illustrates one embodiment of a method for gen-
erating a optimal buy plan based on a sampling of all possible
demand level combinations.

In step 1210, a demand level covariance and mean based on
historical product information 1s determined. These values
may be derived, for example, from historical sales data about
cach product or similar products. This information 1s used to
calculate a plurality of demand levels for each product. In
particular, the estimated mean 1s treated as the expected or
mean (M) demand level 1n step 1212. In step 1214, high (H)
and low (L) demand levels are calculated for each product.
The high and low levels may be defined as a function of the
mean and variance. In one embodiment, the high level 1s
determined by multiplying a product’s standard deviation by
a Tactor and adding the result to the mean for that product.
Similarly, a low level 1s determined by multiplying the stan-
dard deviation by a factor and subtracting the result from the
mean. Steps 1210-1214 produces a plurality n of demand
levels for each of the m products. Thus there are n™ possible
demand level combinations or scenarios. Each demand level
1s associated with a probability.

In step 1220 the selected business objective 1s optimized
using a selected subset of the demand levels and associated
probabilities to produce an optimal raw material buy result
associated with a confidence level. For 4 products and 3
possible demand levels there are 3* possible combinations of
demand levels. Members of the selected subset of combina-
tions might include {H, M, L, L} and {M, H, M, L}, for
example, but not all possible combinations are present 1n the
selected subset. In one embodiment, Monte Carlo simulation
1s the statistical tool used to 1dentify the sample subset and a
confidence level for the result. Other tools such as Importance
Sampling may be used 1n other embodiments.

The user may then execute a stochastic buy plan based on
the optimal buy plan and the confidence intervals 1n step
1230. In particular, 1n view of the confidence levels associated
with buy results for particular parts, the user may choose to
buy the raw materals 1n the quantities suggested or to modily
the purchase quantities 1n view of the confidence interval.

Although an optimal buy plan i1s generated, the make and
sell quantities will not be known until the demand 1s realized.
This corresponds to the make and sell plans associated with a
particular scenario. In one embodiment, the make and sell
report mitially generated reflects a weighted average of the
values determined from each scenario.

Thus, for example, in the deterministic model the variable
“BuldQty,” might reflect the quantity to be built for part 1.
The stochastic model, however, 1s effectively an array of
values BuildQty [k] where 1 15 a given assembly or product,
where k varies from 1 to n and n reflects the number of
samples. Similarly, a sell variable in the stochastic model
would be an array of values SellQty [k] where 1 represents a
particular product and SellQty [ 1], for example, would reflect
the quantity of product 1 to be sold 1f the first scenario 1s
realized. For planning purposes, the make and sell reports are
modified slightly to provided weighted averages for scenario
dependent values. Thus BuildQty, and SellQty, 1n the stochas-
tic model are calculated as follows:
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BuildOry.| |
BuildQry, = Z p jBuildQry;[j]
j=lton L
SellOry.[ ]
SellQty, = Z e Qry; [ /]
i
j=l1ton

where p, 1s the probability associated with scenario j, and n 1s
the total number of scenarios in the selected combination of
demand level combinations (1.e., count of sampled scenarios).

In step 1240, the user 1s provided with make and sell plans
indicating weighted averages of scenario dependent results.
Thus 1n one embodiment, the user 1s provided with make and
sell reports wherein BuildQty for each assembly and product
and SellQty for each product are defined as weighted aver-
ages based on the probabilities of each scenario.

In the preceding detailed description, the invention 1s
described with reference to specific exemplary embodiments
thereof. Various modifications and changes may be made
thereto without departing from the broader spirit and scope of
the invention as set forth 1n the claims. The specification and
drawings are, accordingly, to be regarded in an 1illustrative
rather than a restrictive sense.

What 1s claimed 1s:

1. An apparatus comprising one or more processors for
executing software instructions for managing discontinuation
of a product, the software instructions when executed by the
one or more processors performing steps comprising:

a) 1dentitying a product that currently 1s being manufac-

tured, wherein the product comprises a plurality of parts;

b) 1identifying an objective to be achieved in connection

with the product;

¢) obtaining mformation regarding the parts of said prod-

uct, said information including: (1) an existing inventory
quantity for at least one of the parts and (11) at least one
of a salvage value and a procurement cost for at least one
of the parts; and

d) generating a plan for at least one of manufacturing the

product or procuring additional quantities of the parts,
based on the i1dentified objective and the obtained parts
information,

wherein the 1dentified objective includes discontinuing the

product 1n a manner that at least one of maximizes gross
proiit or minimizes writeoll costs.

2. The apparatus of claim 1 wherein the identified objective
includes discontinuing the product within a period of time
that 1s less than two years.

3. The apparatus of claim 1, wherein the steps also include
obtaining an estimate of demand for the product, and wherein
the plan generated 1n step d) also 1s based on said estimate.

4. The apparatus of claim 1, wherein step a) comprises
obtaining information regarding a plurality of products hav-
ing at least one common part, wherein the information 1s
obtained 1n step ¢) for each of the products, and wherein the
plan generated 1n step d) at least approximately achieves the
identified objective across all of said products.

5. The apparatus of claim 1, wherein the steps also include
iputting a user-specified constraint, comprising at least one
of a maximum procurement budget for the parts or a maxi-
mum quantity for at least one of the parts, and wherein the
identified objective 1s at least approximately achieved in step
d) subject to the mput constraint.

6. The apparatus of claim 1, wherein the plan generated 1n
step d) includes a plurality of values, and wherein the steps
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also include calculating and outputting a measure of how at
least one of said values would change based upon a marginal
change 1n an input parameter.

7. The apparatus of claim 6, wherein the input parameter
comprises at least one of: a maximum procurement budget or
a maximum quantity for at least one of the parts.

8. A computer-implemented method for managing discon-
tinuation of a product, said method comprising;

a) 1dentifying a product that currently i1s being manufac-

tured, wherein the product comprises a plurality of parts;

b) 1dentifying an objective to be achieved 1n connection
with the product;

¢) obtaining mformation regarding the parts of said prod-
uct, said information including: (1) an existing inventory
quantity for at least one of the parts and (11) at least one
of a salvage value and a procurement cost for at least one
of the parts; and

d) generating a plan for at least one of manufacturing the
product or procuring additional quantities of the parts,
based on the identified objective and the obtained parts
information,

wherein the 1dentified objective includes discontinuing the
product 1n a manner that at least one of maximizes gross
proiit or minimizes writeoll costs.

9. The method of claim 8 wherein the 1dentified objective
includes discontinuing the product within a period of time
that 1s less than two years.

10. The method of claim 8, wherein the method further
comprises obtaining an estimate of demand for the product,
and wherein the plan generated 1n step d) also 1s based on said
estimate.

11. The method of claim 8, wherein step a) comprises
obtaining imnformation regarding a plurality of products hav-
ing at least one common part, wherein the imnformation 1s
obtained in step ¢) for each of the products, and wherein the
plan generated 1n step d) at least approximately achieves the
identified objective across all of said products.

12. The method of claim 8, wherein the method further
comprises mputting a user-specified constraint, comprising at
least one of a maximum procurement budget for the parts or
a maximum quantity for at least one of the parts, and wherein
the 1dentified objective 1s at least approximately achieved in
step d) subject to the input constraint.

13. The method of claim 8, wherein the plan generated in
step d) includes a plurality of values, and wherein the process
steps also include a step of calculating and outputting a mea-
sure of how at least one of said values would change based
upon a marginal change 1n an input parameter.

14. The method of claim 13, wherein the input parameter
comprises at least one of: a maximum procurement budget or
a maximum quantity for at least one of the parts.

15. An apparatus for managing discontinuation of a prod-
uct, comprising:

a) means for identifying a product that currently 1s being
manufactured, wherein the product comprises a plural-
ity of parts;

b) means for identifying an objective to be achieved 1n
connection with the product;

¢) means for obtaining information regarding the parts of
said product, said information including: (1) an existing,
inventory quantity for at least one of the parts and (11) at
least one of a salvage value and a procurement cost for at
least one of the parts; and

d) means for generating a plan for at least one of manufac-
turing the product or procuring additional quantities of
the parts, based on the identified objective and the
obtained parts information,
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wherein the 1dentified objective includes discontinuing the
product in a manner that at least one of maximizes gross
profit or minimizes writeoll costs.

16. The apparatus of claim 6, wherein the measure reflects
a rate ol change of said at least one of said values as compared
to a rate of change for the input parameter.

17. The apparatus of claim 6, wherein the input parameter
comprises a forecast of demand for the product.

18. The method of claim 13, wherein the measure reflects a
rate of change of said at least one of said values as compared
to a rate of change for the input parameter.

19. The method of claim 13, wherein the input parameter
comprises a forecast of demand for the product.

20. The method of claim 11, wherein the plan 1s generated
in step d) uses a two-stage stochastic programming model 1n
which procurement 1investments are made 1n a first stage and
assembly decisions are made 1n a subsequent second stage.

21. The method of claim 11, wherein a statistical simula-
tion tool 1s used to select a subset of possible combinations of

10

15

demand levels across the plurality of products, and wherein 20

the plan 1s generated 1n step d) using said subset.
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